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^ Ocular treatment. 

@ A method of administering less than 20|il of a solution of 
an ophthalmically effective substance to the eye characte- 
rised m that the formulation has a viscosity and resistivity 
which makes it suitable for electrodynamic spraying, and the 
formulation is supplied to a spray nowie wherein a sufficient- 
hr large electrical potential, relative to earth, is applied to the 
formulation that a sufficient electrical gradiem is provided at 
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the spray noxile to atomise the formulation as a «pray of 
electrically charged droplets. Also liquid solution formula- 
lions of opthalmically effective substances for use in the 
method of the invemion; and electrodynamic spraying 
apparatus, convenient for hand held use. lor use in the 
method of the invention. 
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The present loveotioa relates to a process of 
ocular treatment, to fonwlatlons osefnl m such a process 
and to apparatus suitable for applyi«g «,ch foraulatlons. 

A conventional sethod of oealar administration of 
a pharaacologically active substance coaprlses the use of 
eye drops. This is generally knowi to have low patient 
acceptability, especially in the yoang. The adalnlstratlon 
of a large drop of liquid to the eye Initiates a blink reflex 
which can cause substantial wastage of an applied active 
substance by drainage either through the tear ducts or on 
the skin surface, indeed it has been reported that If a 30- 
50 |il drop is applied to the eye the actual volume that 
reaches the target Is 5-7 nl. Therefore, in addition to the 
low patient acceptability, there is a 4-10 fold wastage. 
This leads to an inefficiency in the use of expensive 
ingredients and, in addition, the adrtnlstrator has little 
control, and is uncertain, over the amont of ingredient 
applied to the target. 

Another conventional nethod of ocular 
administration of an active ingredient comprises the use of 
an ointment. This sUdllarly has been found to have low 
patient acceptability and substantial wastage of active 
ingredient can result. 

The present invention provides a solution to these 
problems of the art by providing accurate dispensing of a low 
volume of a pharmacologically active substance to the eye. 
This Is achieved by a process which involves electrodynamic 
spraying of a suitable formulation by raising the formulation 
to a high potential in a spray nozzle to cause the 
formulation to atomise as a spray of electrically charged 
droplets. Such electrically charged droplets seek the 
closest earthed object to discharge their electric charge, 
and this can be arranged to be the target area of the 
eyeball, more particularly the cornea. This process 
provides a particularly even, accurately targetted, coating 
of the eye with the formnlation. 
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Accordingly, the present Invention provides a 
method of administering to an eye a formulation comprising an 
ophthalmlcally active substance and an ophthalmlcally 
acceptable diluent, characterised in that the formulation has 
a viscosity In the range 10r3 to 1.0 Pa. a (at 25oc) and a 
resistivity in the range 10* to 10^2 ohm cm (at 250C), and 
that the formulation is supplied to a spray nozzle wherein a 
sufficiently large electrical potential, relative to earth, 
is applied to the formulation from a high voltage generator, 
that a Buf f icient electrical gradient is provided at the 
nozzle to atomise the formulation as a spray of electrically 
charged droplets. 

The method of the Invention may be carried out in a 
unit dose mode, by charging the nozzle with a unit dose from 
an external source each time it is used, or in a multi-dose 
mode, in which case a reservoir of the formulation supplies a 
unit dose automatically to the spray nozzle each time the 
method is carried out. 

In another aspect the present invention provides a 
liquid solution formulation comprising an ophthalmlcally 
active substance and an ophthalmlcally acceptable diluent 
which comprises 501 to lOOZ by weight of an ophthalmlcally 
acceptable organic diluent, and from OX to 50% by weight of 
water, and has a viscosity in the range ia"3 to 1.0 Pa.s at 
25^C and a resistivity In the range 10^ to 10^2 ohm cm at 
250C. 

A suitable such diluent may be a mixture of two or 

more liquid components. 

The ophthalmlcally active substances encompassed by 
this invention are any compounds haying a pharmacological 
effect on and/or In the eye. Typical of such compounds are 
chemotherapeutic agents, compounds to aid ocular examination 
and compounds to aid surgery i for example 
(a) anti-inflammatory agents, such as prednisolone and 

other corticosteroids! 
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(b) antlffllcrobial drugs, such as antibiotics » 
antiseptics, antlvirals, fungicides and 
sttlphonamldes, for example chloramphenicol, 
sulphacetamlde, gentamycin, nystatin, acyclovir and 

5 idoscuridinei 

(c) autonomic drugs, such as 3-adrenoceptor 
antagonists, cycloplegics, miotics, mydriatics and 
vasoconstrictoris, for example timolol, atenolol, 
pilocarpine, atropine, tropicamide, hyosdne, 

^0 ephedrine, phenylephrine, carbachol, guanethidine 

and adrenaline; 
<d) local anaesthetics, such as lignocaine or 

oscybuprocaine; 
(e) diagnostics, such as fluoresceini 

15 (f) drugs to assist healing of corneal abrasions, such 

as urogastrone and epidermal growth factor (EGF); 
(g) drugs of use in diabetic retinopathy, such as 

aldose reductase inhibitors, for example sorbinil 

and 3-<4"-bromo-2-fluorobenzyl)-4-oxo-35-phthalazin- 
20 1-ylacetic add- 

of which (c) is the moat important group, and (f) and (g) are 

also particularly important. 

As hereinbefore discussed, conventional methods of 

ocular administration lead to wastage of Ingredient for 
25 example by drainage through the naso-lachrymal duct into the 

throat, and subsequent Ingestion into the gastro-lntestinal 

tract, whence it can be absorbed systemically , and exert 

undeslred side-effects. For example. It is well documented 

in the literature that p-adrenoceptor antagonists 
30 administered as eye-^rops can exert a significant 

cardiovascular effect, as a result of such ingestion into the 

gastro-intestinal tract. 

The present invention enables accurate targettlng 

of a fine spray of electrically charged particles of the 
35 formulation to dose the required amount, thereby 

substantially eliminating unwanted side-effects. 
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The formulation may aot be predominantly aqueous as 
it has been found that aqueous formulations do not undergo 
elect rodynamic spraying satisfactorily due to their high 
conductivity. Preferably, the amount of water, if any is 
5 present, comprises not more than about 20Z by weight of the 
total diluent, and preferably less than lOZ by weight. 

Certain diluents have viscosity and resistivity 
properties such that they may be used alone as the sole 
solvent component in the formulation. Such solvents are, for 

10 example, dimethylisosorbide, glycerol, propylene glycol, 

polyethylene glycol of average molecular weight up to about 
600, maize oil and arachis oil. « 

Certain other solvents or diluents are appropriate 
for use in the formulation as one of two or more diluent 

15 components. Formulations containing high proportions, more 
than SOZ, of water, are as previously stated, generally 
unsuitable for elect rodynamic spraying due to their high 
conductivity. Some solvents, for example surfactants such as 
polyethoxyethylated castor oils ("Cremophors"), 

20 polyoxyethylene-polyoxypropylene block copolymers 

("Pluronics", "Synperonics"), polyoxyethylene sorbitan 
derivatives CTweens"), polyoxyethylene oleyl ethers 
("Brijs"), castor oil and olive oil, may be irritant to the 
eye when used alone, but can be used satisfactorily In 

25 admixture with, for example, dimethylisosorbide, to give a 
formulation of suitable resistivity. 

Viscosity can be adjusted to within the required 
range by the addition of viscolysers, for example 
hydroxy propylcellulose, hydroxypropylmethylcellulose, 

30 methylcellulose, polyvinyl alcohol or polyvinylpyrrolidone. 

The formulation also preferably contains a 
preservative, such as benzalkoniiim chloride, benzyl alcohol, 
chlorbutol, disodium edetate, p-hydroxybenzoates or 
thiomersal, since certain of the diluents used are good 

35 substrates for bacterial growth. 
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In order to bring the resistivity of the 
formulation into the range 10^ to lO^ ohm cm. If necessary » 
a resistivity modifier may be present. This is generally a 
charged species such as a salt, for example sodium chloride 
or a salt conventionally used in pharmacologically acceptable 
buffers, for example sodium acetate, .dlsodlum hydrogen 
phosphate or sodium dlhydrogen phosphate. When the major 
diluent is not itself a surfactant, the formulation may 
optionally contain a small amount of one of the above- 
mentioned surfactants to aid the flow characteristics. 

Specific diluents and «8ol vent systems which are 
sprayable from the apparatus of the invention are as 
follows:-* 





Viscosity 


Resistivity 


Diluent 


PaS 


ohm 


cm 


Glycerol 


.950 


3.4 


X 


107 


Propylene glycol 


.045 


2.7 


X 


107 


Polyethylene glycol 400 


.090 


1.8 


X 


106 


Dimethyl isosorblde 


.008 


6.4 


X 




Maize oil 


.063 


7.5 


X 


lolo 


Glycerolivater (9il) 


.197 


2.2 


X 


106 


Dlmethylisosorbidet water (9il) 


.008 


4.1 


X 




Dimethyl Isosorblde t glycerol i water 










(4.5t4.5a) 


.064 


6.4 


X 


io6 


Dimethylisosorbidei water (9il) 










+ 42 w/v hydroxypropyl cellulose 


.528 


5.3 


X 


105 


Dime thy llsosor bide i Sy nperonlc NP8 










(9.1) 


•010 


1.1 


X 


107 


Dime thy 1 Isosorblde iTween 80 (9tl) 


.011 


4.0 


X 


107 


Dimethyllsosorbide* Maize oil (9il) 


.018 


2.5 


X 


108 



Viscosity was measured with a Rotovlsco model RV12 - Haake 



Hess-Technik GmbH, West Germany. 

" Resistivity was measured with a Solid State Electrometer 
model 602 - Klethley Instruments, Cleveland, Ohio. 
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Suitably the active Ingredient Is In the 
formulation In a concentration range of 0.1 to 20X, and 
preferably 5 to IW, but the required concentration depends, 
naturally, upon tlte" potency of the particular drug being 
used. 

The formulation is generally provided as a liquid 
for direct use, but it is possible that it is constituted 
shortly before use. Thus in another aspect the present 
invention provides two-part package comprising active 
ingredient in the first part, generally as a concentrated 
solution, and a suitable diluent: or co-solvent in the second 
part. In use, the two parts are fed into a mixing chamber 
in the spraying apparatus, before being fed to the nozzle or 
spray head. 

British specification 1569707 discloses an electro- 
static spraying apparatus which comprises a spray nozzle 
charged to a potential of 1-20 KV from a high voltage 
generator, a reservoir for supplying liquid to the nozzle and 
an earthed field intensifying electrode disposed around the 
nozzle. The high potential produced between the spray 
nozzle and the electrode is sufficient to draw the liquid 
away from the nozzle towards the electrode as one or more 
ligaments of electrically charged liquid. At a certain 
distance from the nozzle surface the ligament or ligaments 
break up to form a divergent spray of electrically charged 
droplets. The ligament length depends on the applied field 
strength and the characteristics of the liquid. 

The apparatus described in the above mentioned 
specification includes hand-held devices as well as tractor 
and aircraft mounted devices. The apparatus la described as 
being readily used for many purposes wherein atomisation and 
deposition, or atomisation alone, are required. 

In a preferred aspect of the present Invention 
apparatus la provided that sprays a metered dose of low 
volume for example 20|il or below, more suitably lOjil or below 
and preferably about 5iil. 



Accordingly the present Invention provides 
electrodynaiDic spraying apparatus for dispensing a liquid 
solution formulation as claimed in claim 1, which comprises! 

(i) at least one spray nozzle having an outlet of 
sufficiently small cross section to be capable of 
retaining therein up to 20jil of the formulation by 
surface tensiont 

(ii) means to supply a measured volume of up to 20(il of the 
formulation to said nozzle ^ and 

(iiDmeans for applying a potential difference between said 
spray nozzle and an electrode spaced from said spray 
nozzle; 

so that an electrical field of sufficient strength is 
provided at the outlet of the spray nozzle to draw the 
formulation away from said outlet as one or more ligaments. 

To obtain a ligament forming field a large 
potential difference has to be established between the 
dispensing member element and the electrode. For simplicity 
and ease of description it will be assumed that the electrode 
is at earth potential and references hereinafter to "earth** 
refer to the potential of the electrode and a voltage refers 
to a potential relative to that of the electrode. It will 
be appreciated that the electrode need not in fact be at a 
positive or negative potential relative to true earth. The 
voltage at the dispensing member may be negative or. 
preferably, positive relative to the electrode. 

Conveniently the electrode is a field intensifying 
electrode. Field intensifying electrodes and their use are 
described in British Specification 1569707. As stated 
therein the field intensifying electrode acts as a * dummy* 
target and, as it can be in a fixed position relative to the 
position or positions from which ligaments of liquid are 
capable of being formed, the field around the ligament 
forming positions is constant for a given voltage giving rise 
to results of greater uniformity. Furthermore as the 
» dummy* target is nearer the dispensing member element than 
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the article being sprayed a higher field strength is created 
than would otherwise be the case, enabling a lower voltage to 
be used. This obviates the need for generating voltages of 
the order of 60-100 KV as in other forms of electrostatic 
spraying. 

The field intensifying electrode is generally 
situated as close as possible to the position or positions 
from which ligaments are formed on the dispensing member 
element. Either one field intensifying electrode or a 
plurality of field intensifying , electrodes can be provided 
depending on the configuration of the dispensing member and 
where it is desired to create the electrical field of 
sufficient magnitude to form the ligaments. 

The» or each, field intensifying electrode is suitably 
positioned in front oft or level with, the part of the 
dispensing member element from which ligament formation 
occurs. The, or each, field intensifying electrode is 
optionally sheathed with an insulating material, thereby 
allowing the electrode to be positioned nearer to the spray 
nozzle resulting in a stronger field effect in the region of 
the dispensing member element. Optionally the, or each, 
field intensifying electrode is adjustably mounted to enable 
a variation of distance between said electrode and the 
dispensing member element thereby altering the spray 
characteristics as desired. 

Suitably the apparatus is provided with a metered 
valve or a syringe — pump, such as those used for multi-dose 
administration of insulin, to control the passage of the 
liquid formulation from a reservoir to the spray nozzle. In 
an alternative aspect accurately measured low volumes can be 
supplied to the apparatus by placing the spray nozzle in the 
liquid formulation and drawing in the required amount by 
means of pipette action, for example using a piston in a 
syringe. Pipette action can also be used to urge the 
formulation from the apparatus when in use. 
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In a preferred aspect of this Invention ve have 
found that the best spraying results are achieved using a 
modification of previous apparatus vhereln the spray nozzle 
Is demountable from the apparatus. In use the required dose 
5 of formulation Is supplied In a spray nozzle which Is then 
located on the spraying apparatus In any convenient manner 
such as by screwing or by frlctlon-f It on an appropriate 
receiving member. In this way the low volume of formulation 
Is conveniently measured. In any conventional manner, prior 
10 to use* 

Suitably the apparatus is provided with means to 
keep the flow rate sufficiently low so that atomlsatlon of 
the small volume of formulation has time to take effect. The 
means for supplying the formulation to be sprayed to be 
15 nozzle tip will generally comprise a piston which. In use. 

will drive a column of air through a tube to the nozzle thus 
causing the formulation therein to flow, and as a potential 
Is applied, to atomise. Optionally In such an arrangement 
there Is damping means In the tube to aid control of the flow 
rate of the column of air, for example a viscous liquid slug. 

In an alternative the flow rate of the air column 
can be controlled by means of a metered pump or valve. 
Conveniently the means for supplying liquid to the spray 
nozzle tip, for example a metered pump or valve or a piston, 
25 Is manually or electrically operated by a push-button or 
trigger which simultaneously activates the high voltage 
generator that supplies high voltage to atomise the 
formulation. A suitable metered pump Is one of the type 
used for administering successive doses of Insulin from a 
30 multi-dose device, as supplied by Mulrhead Vactrlc Components 
Ltd. of Beckenham, Kent. 

Generally the apparatus useful In this Invention Is 
hand-held and comprises one or two spray nozzles depending on 
vhether It is desired to treat eyes separately or 
35 concurrently. Conveniently the high voltage required to 



20 
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effect atomlsatlon of the fornulatlon Is provided by a 
battery-powered hlgih voltage generator contained In hand held 
apparatua. In another convenient aspect the voltage may be 
provided by a pleao-electrlc generator. The battery or 
batterlea for auch a generator la/are also conveniently 
located m the apparatus which is snltably dimensioned for 
hand-held usage. In an alternative the high voltage can be 
generated In a remote pack and supplied by high tension lines 
to a handHield spraying apparatus. 

The nozzle configuration Is determined by the 
requirement that the formulation does not flow or drip 
therefrom In the absence of an applied high potential and in 
the absence of a contacting surface. The configuration is 
not critical and may, for example, have edges defining an 
orifice of rectangular, elliptical or circular crosa- 
sectlon. 

The nozzle configuration can affect the volumetric 
flow of liquid through, and from, said nozzle as the 
potential la applied and hence the volumetric spraying rate. 
As previously mentioned the nozzle may be mountable and 
demountable from the spraying apparatus so that the flow rate 
can be varied by using nozzles of various configurations. 

Suitably the electrical field of sufficient 
strength to atomise the formulation as a spray Is provided by 
a means for electrically charging the spray nozzle to a 
potential of the order of 1 - 20 kV and having a field 
adjusting electrode, at earth potential, mounted adjacent to 
the spray nozzle. Meld adjusting electrodes are described 
in USP 4476515 . The field adjusting electrode can be 
separated from the nozzle by means of an ali^-gap. for example 
of about 2 cm, or preferably by means of an insulating 
material. If the field adjusting electrode is adjustably 
mounted then the distance between said electrode and the 
nozzle can be varied thus affecting the electrical field on 
the liquid and altering the spray droplet size and angle of 
spray. 



An efflbodlment of the invention in unit doee fonn is 
now described, by way of exaaple only, with reference to the 
accompanying drawing. Figure 1, which is a schematic view 
illustrating the principal components of one form of the 
5 apparatus. 

Referring to Figure 1 there is a body member 1 
sized so as to be capable of being hand held. On one wall 
of the body member 1 there is mounted a conical receiving 
member 2 that tapers to an end 3. Centrally positioned in 

10 the end 3 of the member 2 is the outlet of a tube 4, circular 
in cross-section^ that extends centrally through the conical 
member 2* through the body member 1 and has an inlet 5 in 
another wall of said member 1. The tube 4 is of 
substantially uniform cross-'section and has a 90^ bend 

15 therein at region 6, Kt the tube inlet 5 there is a piston 7 
sized so as to form a friction fit. The piston 7 operates 
against a spring 8. In the tube 5« at the region 6» there is 
provided damping means 9 in the form of a viscous liquid 
slug. 

20 Disposed about 2 cm distance from the end 3 of the 

conical member 2 is a field adjusting electrode in the form 
of a ring 10. This ring 10 is spaced from the body member 1 
by means of a cylindrical collar 11. 

The body member 1 contains therein a battery 

25 powered high voltage generator 12 that is connected by 

electrical switching means (not shown) to the piston 7. From 
the generator 12 extends a lead 13 that is embedded in the 
conical receiving member 2 and exits therefrom in the region 
of the end 3, to provide a protruding portion 14. 

30 In addition there is provided a demountable hollow 

spray nozzle 15 of generally conical shape* The nozzle 15 is 
sufficiently resilient to be able to form a friction-fit on 
to the extended surface of the conical receiving member 2* 
To facilitate the urging of the nozzle 15 on to the member 2 

35 an annular flange 16 is provided on said nozzle. The hollow 
centre of the nozzle is of conical configuration and there is 
a small aperture 17 at the tip of said nozzle. The aperture 



022^52 



17 Is sufficiently sized so that foraulatlon Is held within 
the nozzle by surface tension and other effects. 

A metered dose of a fonitalatlon Ifi Is provided 
vlthln the demountable nozzle 15. 

In use the piston 7 is depressed against the spring 
8. This causes a current of air to move through the tube 4, 
the slug 9 acting as a damping control on the passage of air. 
The current of air passes into the hollow spray nozzle 15 and 
urges the formulation 18 through the aperture 17 of the tip 
of said nozzle in the direction of a target eye. At the same 
time the piston 7 activates the -high voltage generator (by 
means not shown) which in turn causes a high voltage of the 
order of 16 kV to pass through lead 13 which in portion U 
thereof is in contact with the formulation 18.. Thus the 
formulation 18 is raised to a high potential. The ring field 
adjusting electrode 10 is at earth potential. Thus as a 
result of the urging of the current of air and the high 
potential difference the formulation Is atomised as a spray 
of electrically charged droplets to give a particularly even 
targetted coating of the target eye. 

An alternative embodiment of the Invention, in 
Bultl-dose form, will now be described, by way of example 
only with reference to Pigure 2 of the accompanying drawings, 
which is a schematic view of the principal components of this 
multi-dose form of the apparatus. 

As in the unit-dose form of apparatus described 
above there is a body member 30 sized so as to be capable of 
being hand held. On one wall of the body member 30 there is 
mounted a conical nozzle 31 that tapers to an end 32. 
Centrally positioned In the end 32 of the nozzle 31 is the 
outlet of a tube 33, of uniform, circular cross section, that 
extends centrally through the conical nozzle 31 to a syringe. 
34 forming part of a syringe pump 40 accommodated within the 
body member 30. Disposed about 2cm. distant from the end 32 
of the conical nozzle 31 Is a field adjusting electrode in 
the form of a ring 35, spaced, from the body member 30 by a 
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cylindrical collar 36. The body member 30 additionally 
accomoo4atefl a battery powered high voltage generator 
from which extends a lead 38 that Is embedded In the conical 
nozzle 31, and exits therefrom Into the tube 33 near its end 
32 to provide a protruding portion 39. 

Alternatively, the lead 38 can be adapted to make 
contact with the liquid being dispensed at any point of the 
syringe 34 or the tube 33. 

The syringe-pump AO, of the type supplied by 
Muirhead Vac trie Components Ltd/ of Beckenham, Kent, for 
administering successive doses of insulin from a reservlor 
syringe, comprises a mini-pump 41 which drives the plunger 42 
of a replaceable syringe 34, to dispense an accurately 
metered amount of the syringe contents through the outlet 32 
of the conical nozzle 31 whenever the syringe pump 40 is 
activated, by activating means, shown here as a press button, 
43. 

In U8e» the syringe 34 contains a formulation of an 
ophthalmically active substance according to the invention. 
Operation of the activating means 43 causes an accurately 
metered quantity of the formulation, of the order of 5|il, to 
pass out through the end 32 of the conical nozzle 31. At 
the same time, the operation of the actuating means 43 
switches on the high voltage generator 37 to supply a high 
voltage via the lead 38 to the protruding portion thereof 39, 
thus applying a high electrical potential to the formulation 
being discharged from the end 39 of the conical nozzle 31. 
EXAMPLE 1 

Ephedrlne (350 jig) was formulated as a lOX solution 
(3.5^il) in a mixture of dimethyl Isosorbldetwater (9tl) which 
also contained hydroxypropyl cellulose (4Z wt/wt). 

This formulation was sprayed, from the apparatus 
described hereinbefore In the specific embodiment, on to one 
eye of each of six male New Zealand white rabbits. The other 
eye remained untreated to act as a control allowing 
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coopensatlon for changing environmental factors to be 
Included in the calcolation of the results. 

Mydriasis resulting from the topical application of 
the formulation to the eye was recorded on photographic film 
5 using a camera and optical system as depicted in Figure 2. 
The pupil diameters were measured from the projected images 
of the processed film using engineer's calipers. 

The mydriatic response of the treated eye to 
ephedrine was calculated as follows i 

10 ,Tt," Tfl . - Pr - Cn X 100 

To Co 
« Z increase in pupil diameter at time(t). 
vheret Tq and are the pretreatment pupil diameters of 
the test and control eyes respectively, and Tt And 
15 are the pupil diameters of the test and control 

eyes respectively at tlne(t). 

The mean differences (with standard error bars) in 
percentage change between the test and control eyes for each 
time point are depicted graphically In Figure 4. This shovs 
20 that there is significant magnitude and duration of 

mydriatic response to the ephedrine formulation when applied 
at considerably lower volume than with conventional methods 
of treatment. 
EXAMPLE 2 

25 The experimental procedure described in Example 1 

vas repeated y but administering to the eye 3«5|il of a hX v/w 
solution of pilocarpine in dlmethylisosorbidetwater (95i5 
w/w) containing 3Z of hydroxypropyl cellulose as a 
viscolizer^ and measuring the miotic effect produced. 

30 The miotic response of the treated eye to 

pilocarpine at each time point vas calculated as follovsi- 
Z decrease In pupil diameter at time t 



To-Tt - CO--CT X 100 
To Co 
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where and Co are the pretreatnent pupil diameters of the 
teat and control eyes respectively . and Tt and Cj are the 
pupil dlamecere of the test and control eyes respectively at 
tlDe t. 

The Bean differences (with standard error bare) In 
percentage change between the test and control eyes at each 
time point are depicted graphically m Plgure 5. This shows 
that there Is significant magnitude and duration of miotic 
response to pilocarpine formulation when applied at 
considerably lower volume than with conventional methods of 
treatment. 
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WHAT WE CT ATM ISi 

1. A method of adnliilBterlng to the eye a formulation 

comprising an ophthalmlcally active substance and an 
ophthalmlcally acceptable diluent, characterised in that the 
formulation has a viscosity In the range 10r3 to 1.0 Pa.s (at 
250C) and a reslsitivity in the range 10* to 10^ ohm cm (at 
250C), and that the formulation Is supplied to a spray no2zle 
vherein a sufficiently large electrical potential, relative 
to earth, is applied to the formulation from a high voltage 
generator, that sufficient electrical gradient Is provided at 
the nozzle to atomise the formulation as a spray of 
electrically charged droplets. 

2. A method as claimed In claim 1 wherein the nozzle 
Is charged with a unit dose of the formulation from an 
external source for each use. 

3. k method as claimed in claim 1 wherein a unit dose 
of the formulation Is supplied to the nozzle automatically 
from a reservoir. 

A. A liquid solution formulation, for use In the 

method claimed in claim I, comprising an ophthalmlcally 
active substance and an ophthalmlcally acceptable diluent 
which comprises 501 to lOOZ by weight of an ophthalmlcally 
acceptable diluent and from OX to 501 by weight of water, and 
has a viscosity In the range IXT^ to l.O Pa.s at 25oc. and a 
resistivity in the range 10* to 10^ ohm. cm at 250C. 

5. A formulation as claimed In claim 4 in which the 
ophthalmlcally active substance is a chemotherapeutical 
agent, a compound to aid ocular examination or a compound to 
aid surgery. 

6. A formulation as claimed in claim 5 wherein the 
ophthalmlcally active substance is selected from»- 



(a) anti-lnflammtory agents, such as prednisolone and 
corticosteroids i 
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(b) antimicrobial drugs, such as antibiotics, antiseptics, 
antlvlrals, fungicides and snlphooaaldes. for ezanple 
chloramphenicol, aulphacetamlde, gentamycin, nystatin", 
acyclovir and Idoxurldinei 

(c) automomlc drugs, such a p-adrenoceptor antagonists, 
qrclopleglcs. miotics, mydriatics and vasoconstrictors, 
for example timolol, atenolol, pll,ocarplne, atropine, 
tropicamide, hyosdne, ephedrine, phenylephrine, 
carbachol. guanethidine and adrenaline | 

(d) local anaesthetics, such as lignocaine or 
ozybuprocalnei * 

(e) dlaganostles. such as fluoresceini 

(f) drugs to assist healing of corneal abrasions, such as 
urogastrone and epidermal growth factor (EG?); 

<g) durgs of use in diabetic retinopathy, such as aldose 
reductase inhibitors, for example sorblnll and 3-(4- 

bromo-2-fluoroben«yl)-*-oxo-3t-phthala2ln-l-ylacetic 
add. 

7. A formulation as claimed in claim 6 in which the 
amount of yter. If any Is present, eoiq>rlse8 not more than 
20Z by weight of the total diluent. 

8. A formulation as claimed in claim A wherein the 
ophthalmlcally active organic diluent is selected from 
dimethylisosorblde, glycerol, propylene glycol, polyethylene 
glycol of average molecular weight up to 600, maize oil and 
arachls oil, optionally in combination with polyethoxy- 
ethylated castor oils, polyoxyethylene-polyoxypropylene block 
copolymers, polyozyethylene sorbitan derivatives, poloxy- 
ethylene oleyl ethers, castor oil or olive oil. 

9. Electrodynamic spraying apparatus for dispensing a 
liquid solution formulation as claimed in claim 1, which 
comprises t 

(1) at least one spray nozzle having an outlet of 

sufficiently small cross section to.be capable of 
retaining therein up to 20|4l of the formulation by 
surface tension | 
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(II) Deans to supply a measured volurae of up to 20|il of the 
forsulation to said nozzlOf and . 

(III) means for applying a potential difference between said 
spray nozzle and an electrode spaced from said spray 
nozzlei 

so that an electrical field of sufficient strength is 
provided at the outlet of the spray nozzle to draw the 
formulation away from said outlet as one or more ligaments. 

10. Apparatus as claimed in claim 9 wherein the 
measured volume of the formulation is supplied to the nozzle 
by a metered valve. 

11. Apparatus as claimed in claim 9 wherein the 
measured volume of the formula is supplied by a syringe- 
pump. 

12. Apparatus as claimed in claim 9 wherein the 
measured volume of the formula is supplied by drawing into 
the nozzle the required amount from an external source by 
means of pipette action. 

13. Apparatus as claimed in claim 9 wherein the 
measured volume of the formulation is contained in a 
demountable spray nozzle which is locatable on an appropriate 
receiving member in the apparatus. 

14. Apparatus as claimed in any of claims 9 to 13 
wherein the means for causing the liquid to flow through the 
spray nozzle tip simultaneously activates the high voltage 
generator of the electrodyanamlc spraying apparatus which 
supplies high voltage to atomise the formulation. 

15. Apparatus as claimed in any one of claims 9 to 14 
m which batteries for the high voltage generator are located 
in the apparatus . which is suitably dimensioned for hand- 
held usage. 

16. Apparatus as claimed in any one of claims 9 to 15 
which is capable of electrically charging the spray nozzle to 
a potential of between 1 to 20 kV and which has a field 
adjusting electrode at earth potential mounted adjacent to 
the spray nozzle. 
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17. Apparatus as elalasd In elala 9 eonprlslngi 

a body mcaber I. slsed so as to be capable of being 
hand held, |i»lth a conical receiving fflember i in one vail 
thereof . the end 3 of which is the outlet of s tube 4 
extending centrally through the conical Bember 2, through 
the body fferaber 1. and having an inlet 5 in another wall of 
■aid body aeaber 1, the inlet 5 accooaodating a piston 7$ the 
body oaaber 1 also supporting a field adjusting electrode 10 
surrounding the end 3 of the receiving oeaber 2, the body 
nenber also accoauBodating a higlj voltage generator 12, from 
which a lead 13 extends outwardly from the aperture in the 
end of the receiving oenber 2, and which is adapted to supply 
a high voltage to the lead 13 when the piston 7 Is actuated, 

and a demountable hollow spray nozzle 15 of 
generally conical shape, adapted to cooperate with the 
receiving member 2 . and which has a small aperture 17 at the 
tip capable of holding up to 20nl of a liquid solution 
f emulation, as claimed in claim 4. by surface tension. 

18. Apparatus as claimed in claim 9, compriaingi 

a bo^ member 30, sized so as to be capable of 
being hand held, provided with a nozzle 31 In the wall 
thereof, the end 32 of which is the outlet of a tube 33 
extending centrally through the nozzle 31 and through the 
body member 30 to a syringe 34 forming part of a syringe pump 
40 of known type, comprising the syringe 34 and a mini-pump 
41, the operation of which also activates a high voltage 
generator 37, accommodated within the body member 30, from 
which a lead 38 extends to the aperture 39 of the nozzle 32, 
the said body member 30 also support a field adjusting 
electrode in the form of a ring 35 surrounding the end 32 of 
the nozzle 31. 
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